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Background: The effects of exercise frequency and intensity on alleviating depressive symptoms in older adults with insomnia are unclear.

Purpose: The purpose of this study was to investigate the influence of different exercise frequencies and intensities on prescribed aerobic-type physical activity (i.e., 75 min of vigorous-intensity exercise or 150 min of moderate-intensity exercise weekly) for reducing depressive symptoms in older adults living with insomnia, as recommended by the WHO.

Design: This study is a randomized, controlled, assessor-blinded trial.

Setting: This study is conducted at a single research site in Hong Kong.

Participants: This study includes older adults aged 50 years or above with depressive symptoms and insomnia.

Intervention: Participants were randomly assigned in a 1:1:1:1:1 ratio to the following groups: attention control (CON), moderate walking once weekly (MOD × 1/week), moderate walking thrice weekly (MOD × 3/week), vigorous walking once weekly (VIG × 1/week), and vigorous walking thrice weekly (VIG × 3/week). The total weekly exercise volumes among the walking groups were matched to the minimum recommended physical activity volume.

Measurements: Depression, anxiety, self-perceived sleep quality, insomnia severity, actigraphy-assessed 7-day sleep data, 7-day sleep diary, cardiorespiratory fitness, adherence, and habitual physical activity were examined at baseline and after 12 weeks of intervention.

Results: Both MOD × 3/week and VIG × 3/week groups demonstrated reduced depression (Hospital Anxiety and Depression Scale [HADS] – Depression: MOD × 3/wk: −68.6%; VIG × 3/week: −67.4%) and anxiety levels (HADS – Anxiety: MOD × 3/week: −54.3%; VIG × 3/week: −59.8%) compared with CON (both p < 0.01). Self-perceived sleep quality was improved in MOD × 3/week (−31.4% of the Pittsburgh Sleep Quality Index [PSQI]), VIG × 1/week (−34.1% of PSQI), and VIG × 3/week (−38.3% of PSQI), but not in MOD × 1/week, when compared with CON (p < 0.05). No serious adverse events were observed in this study.

Conclusion: The effects of walking training on reducing depressive symptoms appeared to be dependent on exercise frequency. Our findings suggest that three sessions of walking per week at either moderate or vigorous-intensity effectively alleviate depressive symptoms in older adults with insomnia. Additional research is needed to further verify the effects of exercise frequency on depression.

Clinical Trial Registration: [ClinicalTrials.gov], identifier [NCT04354922].
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INTRODUCTION

The data from the Global Burden of Disease Study 2019 showed that depressive disorder was ranked as one of the top non-communicable diseases contributing to disability-adjusted life-years (GBD 2019 Diseases and Injuries Collaborators, 2020). Depressive symptoms are highly comorbid and are associated with poor health, including cognitive decline (Gatchel et al., 2019), diabetes (Yu et al., 2015), cardiovascular disease (Correll et al., 2017; Li et al., 2019), cardiovascular mortality (Meng et al., 2020), and all-cause mortality (Meng et al., 2020). Depression is a common health problem among older adults, and the average expected prevalence of depression among old age was 31.7% (Zenebe et al., 2021). Although depression is preventable, early detection can be challenging due to the stigma of depression, especially in the Chinese population (Georg Hsu et al., 2008).

Besides being a risk factor for the onset of depression (Neckelmann et al., 2007), insomnia is also a well-recognized core symptom of depression (Nutt et al., 2008). According to the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (American Psychiatric Association [APA], 2013), chronic insomnia represents a risk factor for depressive disorder and is one of the early symptoms. This is also supported by previous epidemiological studies, observing that insomnia frequently occurs before diagnosis in the majority of mood disorder cases (Ohayon and Roth, 2003). Moreover, depression is also commonly found to be comorbid in patients with insomnia or impaired sleep (Pearson et al., 2006). Insomnia is highly prevalent among the older population worldwide, with almost half of all older adults suffering from insomnia (Schubert et al., 2002). Given that insomnia is intimately associated with depression and is common among older adults, targeting older insomniac adults with depressive symptoms might be a feasible approach for the identification of early-stage depression for appropriate interventions to minimize further development of clinical depression.

Previous epidemiological evidence has indicated that increasing the level of physical activity might be an effective strategy for preventing the development of depression (Choi et al., 2019). In addition to preventing the development of depression, exercise can also serve as an effective adjunct therapy for treating depression. Moreover, exercise is relatively low cost and has a minimal risk of serious adverse effects compared with conventional treatments, such as antidepressant drugs and psychotherapy. Three meta-analyses demonstrated that exercise effectively reduced depressive symptoms compared with different types of controls, including no intervention, usual care, and placebo controls in adults diagnosed with depression (Josefsson et al., 2014; Kvam et al., 2016; Schuch et al., 2016). According to the recommendations on physical activity and sedentary behavior by the WHO, all older adults should undertake 75–150 min of vigorous-intensity [i.e., ≥6.0 metabolic equivalents of task (METs)] or 150–300 min of moderate-intensity (i.e., 3.0–5.9 METs) aerobic-type physical activity per week or an equivalent combination of both to reduce the symptoms of depression and improve sleep (Bull et al., 2020). However, there is no specific recommendation regarding the frequency prescription (i.e., sessions per week) on the WHO’s physical activity recommendation. A review from Powell et al. (2011) showed similar general health benefits of exercise at different frequencies of more than 3 days weekly, but the health benefits of exercise at frequencies less than 3 days weekly have been rarely examined. In terms of depression, a randomized controlled trial showed that either aerobic exercise 3 days weekly or 5 days weekly induced similar effects on reducing the depression score. In terms of exercise intensity, the results from a meta-analytical study demonstrated that the intensity of an endurance exercise intervention did not have a moderating effect on depression (Nebiker et al., 2018), suggesting that the effect of aerobic exercise on depression might not be intensity-dependent. Nonetheless, there are epidemiological data to show that the current physical activity recommendations performed at a lower frequency in a weekend warrior physical activity pattern (i.e., performing the recommended weekly volume of physical activity in 1–3 days weekly) may be sufficient to reduce the risk of all-cause, cardiovascular disease, and cancer mortality (O’Donovan et al., 2017). Given that time commitment is one of the most frequently reported barriers to engage in physical activity, the lower frequency weekend warrior pattern might offer flexibility and practicality to promote physical activity in the present busy lifestyle. However, there is a lack of scientific evidence on the effects of exercise frequency for alleviating depressive symptoms in older insomniac adults. Therefore, the aim of this study was to examine the effects of different frequencies and different intensities of walking training in alignment with the WHO’s physical activity recommendations for alleviating depressive symptoms in older adults living with insomnia. This study tested the hypothesis that, compared with attention control, all frequencies and intensities of aerobic waking groups reduce depressive symptoms in older adults with insomnia.



MATERIALS AND METHODS


Study Design

This study adhered to the reporting guideline of the Consolidated Standards of Reporting Trials (CONSORT) extension for pilot or feasibility trial (Eldridge et al., 2016). This study was a pilot assessor-blinded randomized controlled trial conducted at a single research site in Hong Kong. Participants were randomly assigned to one of the five groups in 1:1:1:1:1 ratio, namely, (1) attention control (CON) group, (2) 150-min session of moderate walking once weekly (MOD × 1 day/week), (3) 50-min session of moderate walking thrice weekly (MOD × 3 days/week), (4) 75-min session of vigorous walking once weekly (VIG × 1 day/week), and (5) 25-min session of vigorous walking thrice weekly (VIG × 3 days/week). The total weekly exercise volume was matched in all walking groups according to the minimum physical activity volume recommended by WHO. All participants were instructed to maintain their normal daily physical activities. Outcome measurements were conducted before and after the 12-week intervention.



Participants

This study started in January 2019 and ended in September 2021. A total of 173 potential participants were recruited from January 2019 to May 2021 through community-based promotions (Figure 1). They were invited to a face-to-face screening for depressive symptoms and chronic insomnia. All participants were provided with written and verbal information on the study protocol and on the possible risks and discomforts associated with the exercise interventions and assessments. Written informed consent was obtained prior to the start of the study. The study protocol and consent form were approved by the Institutional Review Board of the University of Hong Kong/Hospital Authority Hong Kong West Cluster (reference number: UW18-419). The study was retrospectively registered at ClinicalTrials.gov (identifier: NCT04354922) on January 13, 2020, after participant recruitment but before data analysis. All procedures were performed in this study following the Ethical Standards of the Declaration of Helsinki.
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FIGURE 1. Flow diagram of this study.




Eligibility Criteria

Inclusion criteria include (1) borderline abnormal depression (Hospital Anxiety and Depression Scale [HADS] depression subscale ≥ 8 of 21), but not major depressive disorder; (2) insomnia symptoms present for at least 3 months according to the insomnia diagnostic criteria from the fifth edition of the DSM-5 (12); (3) individuals aged ≥50; and (4) Cantonese, Mandarin, or English speaking. Exclusion criteria include (1) contraindications to participate in physical exercise; (2) regular exercise habit in the past 3 months (>150 min of moderate-intensity exercise or 75 min of vigorous-intensity exercise weekly); (3) shift work or other commitment that can interfere with a regular sleep pattern at night; (4) individuals diagnosed with any psychiatric diseases; (5) individuals who are currently receiving non-medication treatment, such as psychotherapy or cognitive behavioral therapy for depression or insomnia; (6) abnormal cardiac electrical activity, such as myocardial infarction, arrhythmia, and irregular heartbeat, as assessed by the resting and exercise electrocardiography test; and (7) pre-existing medical or physical issues that can affect the experimental tests and exercise intervention.



Sample Size Estimation

To the best of our knowledge, none of the previous studies have examined the effect of walking exercise once weekly on alleviating depressive symptoms among older adults. In this pilot study, we adopt a moderate effect size (interaction Cohen’s d of 0.5), 80% statistical power, and an α = 0.05 to estimate the sample size. A total of 45 participants (9 participants per intervention group) were required to observe the significant intervention-by-time interaction effect.



Randomization and Masking

All eligible participants were randomly assigned to five groups in a 1:1:1:1:1 ratio. Randomization was conducted by an automated permuted block of size 5. The computer-generated randomization sequence was prepared by independent research personnel and concealed from the researcher who was responsible for participant recruitment and outcome assessments. All outcome assessors were blinded to group allocation.



Interventions


Walking Interventions

Walking interventions were conducted individually using motor-driven treadmills and were supervised by certified athletics coaches or exercise physiologists (ACSM-EP). Participants in MOD × 1 day/week received one 150-min walking session weekly, and those in MOD × 3 days/week received three 50-min walking sessions weekly. Participants in VIG × 1 day/week received one 75-min session of brisk walking weekly, and those in VIG × 3 days/week received three 25-min sessions of brisk walking weekly. Participants in MOD and VIG groups walked at an exercising heart rate equivalent to 3.25 and 6.5 METs, respectively. One MET was equivalent to 3.5 ml/kg/min of oxygen consumption collected by a gaseous analysis system during the cardiopulmonary test. The exercising heart rate was continuously monitored using a heart rate monitor (M300 and H7; Polar Electro Oy, Finland) and recorded during the walking sessions. Participants were instructed to maintain their exercising heart rate to within ±10 beats per minute (bpm) of their prescribed walking heart rate. Participants in the MOD × 1 day/week and VIG × 1 day/week groups were allowed to take one or two breaks for 5–10 min during each training session. All intensities and volumes of the walking interventions were adhered to the WHO’s physical activity recommendations (Bull et al., 2020).



Control Group

Participants in the CON group received one 75-min session of stretching exercises weekly. The contact duration of the stretching sessions was designed to match that of the VIG groups. The stretching sessions were supervised by certified athletics coaches.




Outcome Measures

Trained outcome assessors were blinded to the participant’s group allocation. All questionnaire-based outcomes were conducted by an assessor-led semi-structured interview.


Depressive and Anxiety Symptoms

The Chinese-Cantonese version of HADS was used to evaluate psychological distress in terms of depressive and anxiety symptoms. This questionnaire has been validated in Hong Kong Chinese adults (Leung et al., 1999) with excellent reliability (Cronbach’s alpha: overall scale = 0.86, depression subscale = 0.82, anxiety subscale = 0.77). It has been demonstrated to have a significant correlation with the Hamilton Rating of Depression (r = 0.67, p < 0.001) and Anxiety (r = 0.63, p < 0.001), which confirms its validity. This 14-item instrument has seven items in the depression subscale and seven items in the anxiety subscale. Each subscale has an overall score ranging from 0 to 21, with a higher score indicating a higher level of depression or anxiety.



Symptom Severity of Depression and Anxiety

The Patient Health Questionnaire-9 (PHQ-9) and Generalized Anxiety Disorder-7 (GAD-7) were used to supplement the assessments of the occurrence and severity of depression and anxiety symptoms. PHQ-9 is a 9-item instrument derived from the criteria of DSM-5 and measures the heterogeneous spectrum of symptoms of major depressive disorder (American Psychiatric Association [APA], 2013). This 9-item questionnaire asks how often the participants were bothered by their depressive symptoms in the past 2 weeks. The response options are “not at all” (score 0), “several days” (score 1), “more than half the days” (score 2), and “nearly every day” (score 3). The overall scores are used to categorize the severity of the depressive symptoms according to the suggested cutoff scores (0–4 = minimal depression, 5–9 = mild depression, 10–14 = moderate depression, 15–19 = moderately severe depression, and ≥20 = severe depression). The Chinese version of PHQ-9 has been validated in Hong Kong adults with excellent reliability (Cronbach’s alpha = 0.82) (Yu et al., 2012). GAD-7 is a 7-item questionnaire modified from the diagnostic criteria of DSM-5 and is designed to screen GAD and evaluate its severity (Spitzer et al., 2006). Each item describes a symptom of anxiety disorder and the frequency of the symptom over the past 2 weeks. The response option and scoring method are similar to PHQ-9. The overall scores in GAD-7 are used to evaluate the severity of anxiety based on the suggested cutoff scores (5–9 = mild anxiety, 10–14 = moderate anxiety, and 15 = severe anxiety). The Chinese version of GAD-7 has been validated in general hospital outpatients (Cronbach’s alpha = 0.898) (He et al., 2010).



Subjective Sleep Parameters

The Chinese version of the Pittsburgh Sleep Quality Index (PSQI) was used to measure self-perceived sleep quality. It consists of 19 items that measure seven sleep components, including sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, sleeping medication use, and daytime dysfunction. Each component is scored on a scale of 0–3, with 0 indicating no sleep problems and 3 indicating sleep impairments. The overall global score of the seven components ranges from 0 to 21. The Chinese version of PSQI has been demonstrated to have satisfactory test-retest reliability of 0.85 in insomniac and general populations (Tsai et al., 2005). The Insomnia Severity Index (ISI) questionnaire was used to measure the perceived insomnia severity. This 7-item instrument includes questions on sleep-onset and sleep maintenance difficulties, satisfaction with the current sleep pattern, interference with daily functioning, noticeability of impairments due to sleep problems, degree of distress, and concerns due to sleep problems. Each item is rated on a three-point Likert-type scale with a higher score indicating more perceived insomnia severity. The Chinese version of ISI has been shown to have an acceptable content validity index of 0.94 and high internal consistency (Cronbach’s alpha = 0.81) in Hong Kong Chinese older adults (Yu, 2010).



Seven-Day Actigraphic Measure of Sleep and Habitual Physical Activity

A 3-axis accelerometer (wGT3X-BT, Actigraph) was used to measure and record movement during sleep. Participants were instructed to wear the accelerometer on the non-dominant wrist during sleep for 7 days. The movement data during sleep were used to determine sleep efficiency, wake time after sleep onset, the number of awakenings per night, sleep onset latency, total sleep time, and average wake time per awakening. The ActiLife version 6.11.7 software was used to analyze the sleep data extracted from the accelerometer. As one of the major confounding factors in this study, habitual physical activity level was assessed before and after the intervention. The ActiGraph accelerometer (wGT3X-BT, ActiGraph, United States), which has been previously validated (Plasqui and Westerterp, 2007), was used to measure the habitual physical activity. Participants were instructed to wear the ActiGraph watch on the non-dominant arm for 7 days. The physical activity data were processed using ActiLife version 6.11.7 software to measure the time spent in sedentary activities, light-intensity activities, moderate-intensity activities, vigorous-intensity activities, and very vigorous-intensity activities.



Seven-Day Sleep Diary

Participants were instructed to record their sleep patterns in a sleep log each morning for 7 days at all assessment time points. Participants were asked to record bedtime, sleep rising time, wake time after sleep onset, total sleep time, number of awakenings, and sleep onset latency. Sleep efficiency was estimated by (total sleep time/total time in bed) × 100%. Average awakening time was estimated by (wake time after sleep onset/number of awakenings). Although the sleep diary is a participative measure, it has been shown to be a reliable instrument for collecting data on sleep/wake patterns. An acceptable percentage agreement between the sleep diary data and polysomnographic data (kappa = 0.87) has been previously demonstrated (Rogers et al., 1993). The dosage and frequency of sleep aid medications or supplements, such as narcotics, antihistamines (diphenhydramine), benzodiazepines (e.g., flurazepam, quazepam, triazolam, estazolam, temazepam, clonazepam, lorazepam, and alprazolam), non-benzodiazepine, benzodiazepine receptor agonists (e.g., zolpidem, zaleplon, and eszopiclone), or melatonin, were also recorded in the 7-day sleep diary.



Cardiorespiratory Fitness

A progressive cardiopulmonary test was conducted on a calibrated motor-driven treadmill (T150 DE LC MED, COSMED). Gaseous analysis system (Quark CPET, COSMED) and 12-lead electrocardiogram (Quark T12×, COSMED) was used to continuously measure and record the VO2 and heart rate, respectively. The rate of perceived exertion (RPE) on a scale of 6–20 was measured every 3 min during this test. The modified Bruce treadmill protocol was used, in which the intensity was continuously increased every 3 min until the maximal oxygen consumption (VO2max) was reached. The VO2max determination criteria were determined by the plateau of VO2 with increasing intensity, or meeting at least two of the following criteria: (1) respiratory exchange ratio ≥ 1.10, (2) within 10 bpm of the age-predicted maximal heart rate (220-age), or (3) RPE ≥ 18 (Hanson et al., 2016).




Statistical Analysis

A generalized estimating equations (GEEs) model with baseline as a covariate was employed to assess the intervention effects on the outcomes after accounting for the extra-covariance among the repeated measurements. The GEE analysis was conducted using the R package “geeM.” The post hoc comparison among groups was performed by a closed test procedure using the R package “multcomp.” One-way ANOVA was used to examine between-group differences in adherence assessed at post-intervention. The Pearson product-moment correlation coefficient test was used to examine the association between depressive symptoms and cardiorespiratory fitness changes. All statistical analyses were performed by R (version 3.6.1). Statistical significance was set at a p-value < 0.05, and the Cohen’s d was calculated to estimate the effect size of significant between-group findings. Data were expressed as mean ± SD.




RESULTS


Baseline Characteristics of Participants

A total of 173 participants were screened for depressive symptoms and chronic insomnia by semi structured interviews (Figure 1) from January 2019. Overall, 75 participants were randomly assigned to CON (n = 15), MOD × 1 day/week (n = 15), MOD × 3 days/week (n = 15), VIG × 1 day/week (n = 15), and VIG × 3 days/week (n = 15) within 1 month after the baseline assessment. Notably, 46 participants (age: 63.3 ± 5.5 years, 15% male) were completed the intervention and included in the analysis (CON: n = 9; MOD × 1/week: n = 9; MOD × 3/week: n = 9; VIG × 1/week: n = 10; VIG × 3/week: n = 9). The baseline characteristics of participants are summarized in Table 1. One subject in the MOD × 1/week group reported knee pain after training (Figure 1).


TABLE 1. Baseline characteristics of participants.
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Depression and Anxiety

The results of the outcome measures on depression and anxiety are shown in Figure 2. Our GEE analyses revealed a group-by-time interaction effect in HADS-depression (interaction effect, p = 0.02) and HADS-anxiety (interaction effect, p = 0.02). According to the post hoc analyses, HADS-depression and HADS-anxiety were lower in MOD × 3 days/week and VIG × 3 days/week groups after 12 weeks of walking training compared to CON (HADS-depression: MOD × 3 days/week–CON, Cohen’s d = 1.57, p = 0.004; VIG × 3 days/week–CON, Cohen’s d = −2.21, p = 0.0003) (HADS-anxiety: MOD × 3 days/week–CON, Cohen’s d = 1.02, p = 0.01; VIG × 3 days/week–CON, Cohen’s d = −1.31, p = 0.001). Furthermore, HADS-depression was lower in MOD × 3 days/week than in MOD × 1 day/week (MOD × 3 days/week–MOD × 1 day/week, Cohen’s d = −0.97, p = 0.01), whereas it only tended to be lower in the VIG × 3 days/week than in VIG × 1 day/week (VIG × 3 days/week–VIG × 1 day/week, Cohen’s d = −1.16, p = 0.07) after 12 weeks of walking training. HADS-anxiety improved with a higher frequency of VIG training (VIG × 3 days/week–VIG × 1 day/week, Cohen’s d = −1.16, p = 0.01), whereas it only showed a trend of improvement with a higher frequency of MOD training (MOD × 3 days/week–MOD × 1 day/week, Cohen’s d = −0.70, p = 0.06). No significant group-by-time interaction effects were found in the severity of depression and anxiety measured by PHQ-9 and GAD-7, respectively.
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FIGURE 2. Level of depression (A), level of anxiety (B), depression severity (C), and anxiety severity (D) were examined at baseline and after the 12-week intervention. Control (CON; attention CON group) = one session of 75 min stretching exercise weekly, VIG × 3/week = three sessions of 25 min vigorous-intensity [6.5 metabolic equivalents of task (METs)] walking exercise weekly, MOD × 3/week = three sessions of 50 min moderate-intensity (3.25 METs) walking exercise weekly, VIG × 1/week = one session of 75 min vigorous-intensity (6.5 METs) walking exercise weekly, MOD × 1/week = one session of 150 min vigorous-intensity (3.25 METs) walking exercise weekly. #Significantly different from CON at the same time point. +Significantly different from MOD × 1/week at the same time point. ++Significantly different from VIG × 1/week at the same time point.




Self-Reported Sleep Parameters

Interaction effects were also observed in the self-perceived sleep quality (p = 0.001) (Figure 3). The post hoc comparisons showed that both groups with three sessions weekly had improved self-perceived sleep quality compared with the CON group (MOD × 3 days/week–CON, Cohen’s d = 0.82, p = 0.02; VIG × 3 days/week–CON, Cohen’s d = −1.32, p = 0.001), whereas only the once-weekly vigorous-intensity walking showed improved self-perceived sleep quality (VIG × 1 day/week–CON, Cohen’s d = 1.52, p = 0.002).
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FIGURE 3. Self-perceived sleep quality (A) and insomnia severity (B) were examined at baseline and after the 12-week intervention. CON (attention CON group) = one session of 75 min stretching exercise weekly, VIG × 3/week = three sessions of 25 min vigorous-intensity (6.5 METs) walking exercise weekly, MOD × 3/week = three sessions of 50 min moderate-intensity (3.25 METs) walking exercise weekly, VIG × 1/week = one session of 75 min vigorous-intensity (6.5 METs) walking exercise weekly, MOD × 1/week = one session of 150 min vigorous-intensity (3.25 METs) walking exercise weekly. #Significantly different from CON at the same time point.




Actigraphy-Assessed Sleep Parameters and Sleep Diary

The results of sleep parameters assessed by actigraphy and sleep diary are presented in Table 2. There were five missing actigraphic data (CON: n = 2, MOD × 1 day/week: n = 2, MOD × 3 days/week: n = 1) in the analysis due to participants feeling discomfort in wearing the ActiGraph watch during sleep (CON: n = 1; MOD × 1 day/week: n = 1; MOD × 3 days/week: n = 1), skin allergy caused by the wristband (MOD × 1 day/week: n = 1), and file corruption during data extraction by the ActiLife software (CON: n = 1). Our GEE analyses revealed that there were no significant interaction effects in all the sleep parameters measured by actigraphy and sleep diary.


TABLE 2. Summary of the objective sleep data assessed by actigraphy and the subjective sleep data measured by 7-day sleep diary.
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Cardiorespiratory Fitness, Adherence to Intervention, Walking Heart Rate, Speed, and Inclination

A significant interaction effect was detected in the cardiorespiratory fitness (p = 0.001) (Figure 4). The post hoc analyses showed that all VIG groups, but not MOD groups, had improved cardiorespiratory fitness compared with CON (VIG × 1 day/week–CON, Cohen’s d = 0.75, p = 0.005; VIG × 3 days/week–CON, Cohen’s d = 0.45, p = 0.001). The improvements in cardiorespiratory fitness in VIG × 1 day/week were greater than that in MOD × 1 day/week (VIG × 1 day/week–MOD × 1 day/week, Cohen’s d = 0.66, p = 0.008). Furthermore, the Pearson product-moment correlation coefficient test revealed no significant correlation between the change in cardiorespiratory fitness and HADS-depression (r = −0.18, p = 0.24). No significant differences were found in the adherence across all groups. The mean and SD of the walking heart rate, speed, and inclination are presented in Figures 4C,D, respectively.
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FIGURE 4. Cardiorespiratory fitness (A), adherence (B), actual walking heart rate vs. prescribed heart rate (C), and walking speed and inclination (D). CON (attention CON group) = one session of 75 min stretching exercise weekly, VIG × 3/week = three sessions of 25 min vigorous-intensity (6.5 METs) walking exercise weekly, MOD × 3/week = three sessions of 50 min moderate-intensity (3.25 METs) walking exercise weekly, VIG × 1/week = one session of 75 min vigorous-intensity (6.5 METs) walking exercise weekly, MOD × 1/week = one session of 150 min vigorous-intensity (3.25 METs) walking exercise weekly. #Significantly different from CON at the same time point. +Significantly different from MOD × 1/week at the same time point.




Habitual Physical Activities and Body Weight

The data on habitual physical activities and body weight are presented in Table 3. No significant interaction effects were detected across all intensity levels of habitual physical activities and body weight.


TABLE 3. Summary of the habitual physical activities and body weight.
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DISCUSSION

This study examined the effects of exercise frequency and intensity on alleviating depressive symptoms in older adults with chronic insomnia. The main findings provide preliminary evidence on the influence of exercise frequency and intensity in several aspects. First, only the groups performing three walking sessions weekly had reduced levels of depression and anxiety. Second, exercise intensity did not appear to result in differential training effects on decreasing depressive symptoms in both once- and thrice-weekly walking groups. Third, once- and thrice-weekly vigorous walking improved subjective sleep quality. Collectively, our results suggest that the frequency of exercise might be an important factor in modulating mood and sleep in older adults living with depressive symptoms and insomnia.

At present, the WHO guidelines recommend that older adults should perform balance and muscle-strengthening activities for 3 or more days per week (Bull et al., 2020). However, specific recommendations for the frequency of aerobic-type physical activities are lacking. By matching the energy expenditure of the interventions according to the 1995 physical activity recommendations proposed by the Centers for Disease Control and Prevention of the United States and the American College of Sports Medicine, Dunn et al. (2005) demonstrated that the frequency of exercise (i.e., 3 days vs. 5 days weekly) did not alter the effects of training on reducing depressive symptoms (Pate et al., 1995). This finding is inconsistent with our results, in which the effects of training for 3 days weekly were superior to training for 1 day weekly. This discrepancy could be explained by the different study designs and the comparison of exercise frequency. In this study, no significant effects on depressive symptoms were observed in participants performing the recommended exercise volume in just 1 day per week. The effect of exercise on depressive symptoms might be diminished when the frequency is less than 3 days weekly regardless of the exercise intensity. Based on our preliminary results, a large-scale randomized controlled trial is warranted to validate this speculated minimum exercise frequency threshold for reducing depressive symptoms. The minimum frequency threshold will be critical for advising the specific exercise pattern in physical activity interventions for reducing depressive symptoms in older adults suffering from insomnia.

In terms of the effect of exercise intensity on depressive symptoms, this study found that moderate-intensity walking had similar effects to vigorous-intensity walking on alleviating depressive symptoms. This finding is consistent with a meta-analysis, showing that exercise intensity might not be an important factor modulating the effects of aerobic exercise training on depression (Nebiker et al., 2018). In our study, we used the absolute intensity value (i.e., number of METs), whereas most of the studies in the meta-analysis used the percentage of maximal heart rate or maximal oxygen consumption, which are relative intensity references. Although our study found that adopting the WHO-recommended physical activity intensities in three sessions per week over the 12-week walking program could alleviate depressive symptoms, training at a certain level of METs for a prolonged period may decrease the rate of improvement of cardiorespiratory fitness due to progressive adaptation and plateau effects of training. Further investigations with a prolonged study period might be needed to monitor the adaptation of cardiorespiratory fitness and to progressively adjust the training intensity to avoid plateau effects of training when using METs to prescribe exercise intensity. In addition, our results showed that improvement of cardiorespiratory fitness was not associated with the reduction of depressive symptoms. This observation was conflicted with a previous meta-analysis, indicating that cardiorespiratory fitness is inversely correlated with depressive symptom severity (Papasavvas et al., 2016). Although the previous studies have shown that higher intensity of aerobic exercise exhibits a greater improvement in cardiorespiratory fitness (Gormley et al., 2008), further investigations are needed to delineate the relationships among exercise intensity, exercise frequency, cardiorespiratory fitness, and depression.

Anxiety symptoms are commonly comorbid with depression (Gorman, 1996). In this study, 74% of our participants had anxiety symptoms (i.e., HADS-Anxiety score ≥ 8). Our results revealed that the effects of walking training on alleviating anxiety and depressive levels were homogeneous across all walking intervention groups. Nonetheless, our findings were in conflict with a previous large-scale cross-sectional study, demonstrating that exercise performed at least one to two times per week was associated with a lower risk of anxiety symptoms in adults with clinical anxiety (Hallgren et al., 2020), and our findings were in conflict with a meta-analysis, finding that high-intensity exercise regimens were more effective than low-intensity regimens in the general population (Aylett et al., 2018). However, there are insufficient studies that have specifically investigated the influence of exercise frequency and intensity on alleviating anxiety levels among people with depressive symptoms. Therefore, our preliminary results further extend our understanding that the beneficial adaptation due to different exercise frequencies and intensities on anxiety level might be associated with depressive level in older adults with depressive symptoms. Further investigations are needed to verify the role of exercise frequency and intensity in reducing anxiety levels in patients with clinical depression and/or anxiety.

Our results also showed that adopting the WHO-recommended physical activity level over 3 days per week could improve the PSQI global score in older adults with chronic insomnia. This finding is in line with a previous epidemiological study that found compliance with the WHO physical activity recommendations resulted in a lower risk of sleep problems (Vancampfort et al., 2018). A previous epidemiological study also suggested that the favorable effects of physical activity on depressive symptoms might be mediated through improving subjective sleep quality (Kaseva et al., 2019). Intriguingly, our results showed that both subjective sleep quality and depressive symptoms were improved after 12 weeks of thrice-weekly moderate or vigorous walking, whereas once-weekly walking sessions only enhanced the quality of sleep at a vigorous intensity. Although the mediation effect of sleep on depressive symptoms might be attenuated when the exercise frequency was reduced to once weekly, our results showed that even weekly vigorous-intensity walking can improve the perceived sleep quality when compared with weekly moderate-intensity walking. We attempted to examine the favorable effects on sleep through different objective sleep parameters from actigraphy-assessed sleep data and sleep diary logs. However, our results were not in line with a previous study that found one session of moderate-intensity aerobic exercise elicited better improvement of polysomnographic sleep measures (i.e., sleep onset latency, total sleep time, and total wake time) and sleep log (i.e., sleep onset latency and total sleep time) when compared with vigorous-intensity aerobic exercise (Passos et al., 2010). Unlike our actigraphy data collected from the usual sleep environment, an unfamiliar laboratory environment and planned sleep schedules during polysomnographic measurements might lead to sleep perturbations (Ghegan et al., 2006). This might account for the discrepancy in the objective sleep outcomes between the current study and the previous study.

Several limitations of this study need to be noted. First, our walking exercise volume only benchmarked the lowest physical activity threshold, as recommended by the WHO. The recommended aerobic-type physical activity volume for adults and older adults ranges from 150 to 300 min of moderate-intensity aerobic exercise and 75 to 150 min of vigorous-intensity aerobic exercise weekly (Bull et al., 2020). The influence of walking frequency at the highest volumes (i.e., 300 min of moderate-intensity exercise and 150 min of vigorous-intensity exercise) remains unknown. Second, all participants were trained individually, and all walking sessions were conducted on motor-driven treadmills in a laboratory environment. Although our study design eliminated the effect of group training on mood and attempted to control the training environment (e.g., temperature, humidity, and noise), the practical application of the present findings in a field setting needs to be verified in the future studies. Third, our results are specific for older adults with chronic insomnia and subclinical, but considerable, depressive symptoms. As we purposely excluded people with major depressive disorder, our findings might not be generalizable to the entire population with depression. Fourth, dietary intake may influence the management of depressive symptoms. Although our results showed no significant change in body weight after 12 weeks of the intervention, monitoring of dietary intake was lacking in this pilot study. A standardized diet across the intervention periods and a detailed dietary intake record should be implemented in future studies. Last, subjective sleep quality was associated with body composition (Jurado-Fasoli et al., 2018). Future studies should separately analyze the population with the different cutoff values of body composition parameters, such as obesity categorized by body mass index, central obesity defined by waist circumference, or osteoporosis classified by bone density levels.

In conclusion, among older adults with depressive symptoms and chronic insomnia, the effects of walking training on alleviating depressive symptoms appeared to be dependent on exercise frequency. This study demonstrated that three walking sessions weekly at either moderate or vigorous-intensity according to the physical activity recommendations by the WHO are an effective approach for managing depressive symptoms in older adults living with insomnia.
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(h=8)

VIG x 1 day/week 159+43 165454

VIG x 3 days/week 15.4+53 152 +4.2

Actigraph-assessed average awaken time (min)

CON (n=7) 36+10 B84+£10
MOD x 1 day/week 42+12 50425
(h=7)
MOD x 3 days/week 3.6 +2.0 33+09 p=0.310 p=0.335 p=0.555
(h=8)
VIG x 1day/week 3.7+17 36+1.2
VIG x 3 days/week 39+1.4 33+0.7
Actigraph-assessed sleep onset latency (min)
CON(n=7) 41+16 45+26
MOD x 1 day/week 7.3+ 10.3 3.9+3.3
(h=7)
MOD x 3 days/week 52 +37 45+6.6 p=0.800 p=0.708 p=0.510
(n=8)
VIG x 1day/week  4.1+33 54435
VIG x 3 days/week 8.3+4.9 42+21
Actigraph-assessed total sleep time (min)
CON(n=7) 411.2 + 420.0 £ 106.9
60.6
MOD x 1 day/week 378.9 4154+ 615
(h=7) 69.3
MOD x 3 days/week 376.1 435.94+ 126.9p =0.121 p=0.045 p=0.614
(n=18) 67.4
VIG x 1 day/week 386.7 468.2 +98.8
85.6
VIG x 3 days/week  362.7 467.3 +79.8

39.0
Sleep efficiency assessed by 7-day sleep diary (%)

CON 77.2

=8¢

76.2 4

£ 9.9





OPS/images/fphys-13-863457-t003.jpg
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Sedentary activities (min)

CON(h=7) 7784+ 8442+£1416
168.5

MODx Tday/week 8362+ 846.0 + 136.4

nh=7) 69.3

MODx 800.84+ 8305+ 1457 p=0.553 p=0.265 p=0.886

3days/week (n=8)  144.0
VIGx 1day/week 736.2+ 764.2 £252.0

135.9
VIGx 3days/week  685.1+  740.7 £67.8
130.5
Light-intensity activities (min)
CON(n=7) 420.0+ 366.0+726
106.9
MODx 1day/week 4154+ 409.8 £ 121.1
(n=7) 61.5
MOD x 4359+ 396.9+122.8p=0.973 p=0.535 p=0.716

3days/week (n=8) 126.9

VIGx 1day/week 468.2+ 439.7 £186.3
98.8

VIGx 3days/week  467.3+ 478.0 £99.4
79.8

Moderate-intensity activities (min)
CON(n=7) 177.94+101.0155.5 + 88.1

MODx 1day/week 110.0 + 40.9 105.3 £ 39.9

(n=7)

MODx 3days/ 148.3 £57.0 149.9 £59.9 p=0.707 p=0.456 p=0.970
week (n = 8)

VIGx 1day/week 182.8 & 77.9167.0 + 108.6

VIGx 3days/week 164.9 & 66.1 164.7 +65.2

Vigorous-intensity activities (min)

CON(n=7) 00+0.0 00£0.0

MODx 1day/week 0.0 £0.0 00£0.0

(n=7)

MOD x 0.0+0.0 0.0+£0.0 N/A N/A N/A

3days/week (n = 8)

VIGx 1day/week 0.0 £0.0 0.0+0.0
VIGx 3days/week 0.0 £0.0 0.0+0.0
Very vigorous-intensity activities (min)

CON(n=7) 00+0.0 00+0.0

MODx 1day/week 0.0 £0.0 00£0.0

(n=7)

MOD x 0.0+0.0 0.0+£0.0 N/A N/A N/A

3days/week (n = 8)

VIGx 1day/week 0.0 £0.0 0.0+0.0
VIGx 3days/week 0.0 £0.0 0.0+0.0
Body weight (kg)

CON 545+10.1 53.1+10.6
MODx 1day/week 61.2 +£10.0 61.7 £ 10.2

MOD x 60.0+£11.8 59.2+ 114 p=0.231 p=0.238 p=0.112
3days/week

VIGx 1day/week 56.3 £5.0 56.3+5.8
VIGx 3days/week 54.8 85 54.6+8.2
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Participants, mean + SD

CON (n =9) MOD x 1/week (n = 9) MOD x 3/week (n = 9) VIG x 1/week (n = 10) VIG x 3/week (n =9)

Male, n (%) 1.0(11.1) 2.0(22.2) 2.0(22.2) 3.0(33.3) 0.0 (0.0)
Age 63.8 + 6.0 65.9+7.0 63.7 £ 4.7 61.5+ 6.1 61.7+27
HADS-depression score 11.1 £ 3.1 99+1.5 96+19 101 £1.4 10.2+25
Insomnia duration (months) 853+629 81.7+924 86.7 £ 107.9 76.3 £ 74.9 63.4 £69.3
History of psychiatric disease

Major depressive disorder, n (%) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 1.0(11.1)
Anxiety disorder, n (%) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0(0.0 0.0 (0.0)
Sleep disorders, n (%) 0.0 (0.0) 1.0 (11.1) 0.0 (0.0) 1.0 (10.0) 1.0(11.1)
Hypnotic medication usage, n (%) 0.0 (0.0 1.0(11.1) 0.0 (0.0 1.0(10.0 1.0(11.1)





